Cell couplings before and after neural induction in embryos of Cynops orientalis were studied by means of single cell injection of Lucifer Yellow. Differences both in incidence and the extent of cell couplings were demonstrated. Results of cell couplings were correlated with electron microscopic observations of freeze-etching replicas.
INTRODUCTION
It has been reported that by electron microscopic observations of freeze-etching replicas, connexon configurations of gap junctions of cells before and after neural induction showed a quite evident difference. Before induction, the connexons were arranged more tightly in a more or less regular array, while those thereafter were arranged loosely and more irregularly [1] . Morphological changes in connexon configurations were found to be closely correlated with coupling states [2] [3] [4] [5] [6] , but there are works contradictory to this view [7] . Most of these studies were carried out with a variety of treatments that modify intracellular homeostasis [2] [3] [4] [5] [6] [7] . Observations of naturally occurring in situ process are no less important in verifying the relationship of these two phenomena.
Dye coupling is generally considered as one of the assays to detect intercellular transference of molecules smaller than 1000-1500 dalton via gap junctions. Initially, dyes such as fluorescein were used to demonstrate cell coupling, but they passed through non-junctional membrane to some extent. Later, Lucifer Yellow CH, a highly fluorescent sulphonated naphthelimide dye with molecular weight of 457.3 was introduced [8] . Because of its being non-toxic, spreading rapidly and unable to cross non-junctional membrane, it has been proved to be a very useful marker to study junctional communication for adult cells as well as for cells in embryonic development [9] [10] [11] [12] [13] [14] .
Since neural induction is one of the important developmental processes, cell coupling before and after induction were studied by means of single cell injection of Lucifer Yellow. Differences both in incidence and extent of cell couplings were demonstrated. R esults of cell couplings were supplemented freeze-etching replica observations.
MATERIAL AND METHODS Embryological manipulation
Embryos of Cynops orientalis, a species of Chinese newt, were used. Naturally laid eggs were collected and reared at 20± 1℃. As shown in the accompanying diagram (Fig. 1) , for series 1, before induction, ectoderm of early gastrula was chosen when the dorsal lip first makes its appearance. Lucifer Yellow was injected into one cell of blastocoel roof. For freezeetching preparation, an ectoderm piece was taken from the blastocoel roof.
For series 2, after induction, mid-neurula stage was used when neural plate has been clearly demarkated by the rising neural fold. Lucifer Yellow was injected into one neuro-epithelium cell of trunk neural plate. For freeze-etching preparation, trunk neural plate was extirpated not including neural fold.
For series 3, to compare with neuro-epithelium cells, one cell from lateral epithelium of the same stage as series 2 was also injected.
Lucifer Yellow injection
A 2% aqueous solution of Lucifer Yellow CH (lithium salt, Sigma) was pressure injected by an Eppendorf Microinjector 5242. Our experimental equipment did not offer simultaneous injection and fluorescence microscopy, and it took 2-3 minutes to transfer the injected embryo to fluorescence microscope. Cell-to-cell spread of fluorescence was examined immediately and 20-30 minutes later with epi--illumination under an Opton microscope using HBO 50 Mercury lamp with standard excitation filters. Micrugraphs were taken with Kodak Tri-X pan film 400 ASA.
Freeze-etching preparation
All embryological extirpates were fixed at 4℃ with 2.5% glutaraldehyde in 0.1M cacodylate buffer at pH 7.4, rinsed with buffer, soaked with 30% glycerine for at least 2 hours. The material was rapidly frozen in liquid nitrogen, fractured and etched in a Baltzer BAF-400D. The replicas were observed with Zeiss EM109. S h a d e d a r e a i n d i c a t e s t h e e x p l a n t t a k e n f o r f r e e z e -e t c h i n g p r e p a r a t i o n a n d t h e s i t e w h e r e a s i n g l e c e l l i n j e c t i o n w a s m a d e . c ) m i d -n e u r u l a , s h a d e d a r e a s h o w s lateral epithelium where a single cell injection was made.
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OBSERVATION AND DISCUSSION
Dye transfer usually appeared 1-2 minutes after injection. Both transfer and nontransfer samples were examined again 20-30 minutes later to insure the extent of dye spread. In order to exclude the passage of dye through cytoplasmic bridge persisting between cleaving sister cells, only those samples of injected cell connected with at least two fluorescent neighbors were counted as "transfers", and "nontransfers" were those with only the injected cell showing fluorescence.
Incidence of dye coupling of the three series were summarized in Table 1 .
Differences in dye coupling of the first two series were evidently shown. For series 1, ectoderm cells of early gastrula, most of the cases (69%) are non-transfers ( Fig. 2a) and dye transfer occurred only in 31%, 15 out of 49 injections (Fig.  2b) . For serise 2, neuro-epithelium cells of mid-neurula, majority of the cases (86%),36 out of 42 injecitons, displayed dye coupling. Concomitantly with the differences in dye coupling incidence, the extent of dye spread of these two series was also differed. For ectoderm cells, dye spread usually did not exceed three cells, including the injected one (Fig.2b) . In neuro-epithelium cells, without any exception, dye spread to more than three cells usually forming a fluorescent zone around the injected cell (Figs.3a, b) .
For the first series, ectoderm cells of early gastrula were taken from the stage before the commencement of neural induction, and the cells have not yet come into contact with the inducing mesoderm. And for the second series, when the neuroepithelium cells were taken from the stage after completion of neural induction, a n d t h e c e l l s h a v e a l r e a d y b e e n i n d u c e d t o d e v e l o p e i n t o n e u r a l e p i t h e l i u m .
From results of dye coupling, it seems that cells before and after neural induction differ both in incidence and extent of dye coupling. But it may be questioned whether the difference in cell coupling solely reflects the result of induction and 
a n s f e r s n o n -t r a n s f e r s 3 4 ( 6 9 % ) 6 1 ( 1 4 % ) 1 7 ( 6 3 % ) dosen't represent the age difference of the two stages used, as mid neurula is older than early gastrula by 47 hours under our experimental condition (20±1℃). In order to answer this question, the third series of experiment was carried out using lateral epithelium cells of the same age from which neuro-epithelium cells were taken. These cells were of the same embryological age as those of series 2, and they were not underlain by inductive mesoderm and were not the products of induction. Results of Lucifer Yellow injections showed that both incidence and the extent of dye coupling of cells of series 3 are different from those of series 2, but are similar to those of series 1 (Table 1 , Fig. 4 
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F i g . 2 L u c i f e r Ye l l o w w a s i n j e c t e d i n t o a s i n g l e e c t o d e r m c e l l o f e a r l y g e s t r u l a , a ) D y e w a s n o t t r a n s f e r r e d t o a n y o f i t s n e i g h b o u r i n g c e l l s , b ) d y e w a s i n j e c t e d i n t o t h e c e l l o n t h e l e f t a n d i t w a s t r a n s f e r r e d t o t w o o t h e r c e l l s .
S c a l e b a r = 50 μm. 
F i g . 4 L u c i f e r Ye l l o w w a s i n j e c t e d i n t o a s i n g l e c e l l o f t h e l a t er a l e p i t h e l iu m c e l l o f m i d -n e u rula. a) The dye remained in t h e i n j e c t e d c e l l . b ) T h e d y e w a s i n j e c t e d i n t o t h e c e l l o n t h e l e f t a n d i t w a s t r a n s f e rr e d t o t w o o t h e r c e l l s . T h e c e l l f a r t h e r a w a y f r o m t h e
injected Cell showed very faint fluorescence.
Scale bar =50 μm.
did not change cell coupling (compare series 1 and series 3 in Table 1 ), but neural induction did elicit such a change(compare series 1 and series 2 in Table 1 ).It is now reasonable to conclude that dye coupling of embryonic cells differed before and after neural induction. After neural induction not only the incidence of dye coupling was increased but also the extent enlarged. This difference in dye coupling was well correlated with morphological finding from electron microscopic observations of freeze-etching replicas. Cells before and after neural induction differed in arrangements of connexons as indicated by their regularity and packing density [l] . Furthermore, freeze-etching replica observations carried out simultaneously with dye injection experiment indicated an obvious difference in frequency of occurrence and size of gap junctions.
For each of the first two series, careful searching for gap junctions were carried out for more than 20 grids from 10 samples. Only 6 gap junctions were found in the series of ectoderm cells of early gastrula and 39 gap junctions were recorded in the series of neuro-epithelium cells. In most of ectoderm cells scarcely any gap junctions could be found even in very large area of fractured membrane, but for the neuro-epithelium cells, the searching work was much easier, sometimes more than two gap junctions might be detected within a small area. Although strict quantitative comparisons were lacking, yet the difference in the frequency of gap junction occurrence remained obvious. Thus, this will provide structural basis for higher incidence and larger extent of cell coupling in series 2.
Sizes of gap junctions were shown in Table 2 . The gap junctions observed on freeze-etching replicas were sometimes not complete due to the chance in fracturing, and incomplete ones were usually the larger ones of the group. In measurement of gap junctions area of the two series, only the complete ones were included (Table 2) In embryonic cells, gap junctions were observed to be of dynamic nature and their sizes vary from minute aggregates to large maculae, and these were usually taken as steps in the process of assembly of gap junctions [15] [16] [17] [18] . Similar observations were described in regenerating liver [19] and in reaggregating hepatoma cells [20] . In our observations, the range of areas among junctions of a series was observed very wide too. Average area of each series could hardly reflect the size distribution of that series. Therefore, in comparing the size distribution, the area of the largest gap junction of each of these two series should be taken into consideration. The tendency that gap junction of neuro-epithelium cells to become larger is of significance.
The increase of junctional communication of cells in neural plate, in comparison with ectoderm cells and with lateral epithelium cells, is no doubt a consequence of neural induction. When ectoderm cells once become induced, cell differentiation follows.
It is very probable that at the beginning of neural differentiation, more junctional communication is required for transfer of information and for stabilization of acquired differentiation state.
In contrast to neural plate cells, epithelium cells are determined at a much earlier stage of development. Ectoderm isolated from animal half of mid-blastula embryo developed into epithelium cells [21] . Thus, stage at which epithelium cell was examined for cell coupling was long after its determination. In comparison with neural plate cells of the same stage, these cells were in a much later stage of differentiation. And, though intercellular communication is still indispensable, it might be supposed that the role may be different from those of neural plate cells which were at the very beginning of differentiation. There is evidence showing that after embryonic induction, intercellular communication via gap junctions plays an important role in further differentiation of the inducted cells [22] . The increased activity of cell coupling of the neuro-epithelium cells offer another evidence. Up Junctional communication of embryonic cells after induction to now, only very limited number of developing cells have been assessed for both morphological and functional changes in cell communication. For better understanding, more data should be accumulated, and the role of intercellular informa tion transfer should be explored.
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